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This  report  describes  significant  changes  in  the  serum  plasmin  and  urine 
fibrinolytic  activity  observed  in  dogs  dying  of  the  hemorrhagic  syndrome 
following large dose whole body irradiation. Although fibrinolysis has been the 
subject of speculation in the pathogenesis of the  postirmdiation  hemorrhagic 
syndrome in goats (1), no studies of the relation of large doses of whole body 
irradiation to changes in fibrinolytic enzyme activity have come to our atten- 
tion. 
It has been known for sometime that the normal serum of man and other mammals 
contains a proteolytic enzyme, plasmin (fibrinolysin),  which is potentially capable of 
digesting a fibrin clot and changing fibrinogen so that it will not dot with thrombin. 
Normally this enzyme exists in blood in the form of an inactive precursor plasminogen 
(profibrinolysin, proplasmin) which  can be activated by streptokinase (2) or chloro- 
form (3,  4), or spontaneously activated following the removal of normal serum in- 
hibitor antiplasmin (antifibrinolysin)  described  by Grob (5), Loomis (6), and Astrup 
and Permin (7). Activation of plasminogen may occur in the intact animal by means 
of a physiological  activator in tissue ceils called "cytofibrinokinase" by Permin (8, 9). 
This cytofibrinokinase was further characterized by Tagnon  (10) and found  to be 
in the particulate microsome fraction of rat lung tissue.  Changes in serum peptidases 
and fibrinolytic activities have been reported following stress (11), injection of cortical 
extract (12, 13), and various pathological conditions. 
Methods 
Materials and methods used in these experiments are as follows: 
Fibrinogen.--A 0.33 per cent fibrinogen solution was prepared  from bovine plasma by 
the method of Ware, Guest, and Seegers (14). The cbttable nitrogen was 90 to 95 per cent 
when measured by the Kjedahl nitrogen method in a standard clot. 
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Tl~ombin.--Hemostatic  globulin  (LederlO).  Stock  solution  kept  refrigerated  in  lq/20 
acetate buffer at pH 5.6 as a  4 per cent solution and diluted 1:5 with buffered saline prior 
to use. 
Buffered Saline.--Buffered  saline at pH  7.4,  Tagnon and Soulier  (15), containing 0.001 
per cent merthiolate (16)  was used for all dilutions. 
Streptokinase-Streptodornase Mixture.--(Lederle 1)  Diluted  prior  to  use  such  that  1  ml. 
contained 10,000 units. 
Tubes.--All  activity determinations were  done  in  bacteriological  culture  tubes  (60  X 
I0 ram.). 
Urine Fibrinolysin.--24  hour urine specimens were collected  in  tubes kept suspended in 
an acetone and dry-ice bath. Immediately before being tested, samples of the frozen urine 
were allowed to thaw slowly at room temperature. The pH of the urine was adjusted to 7.4 
with normal hydrochloric acid or sodium hydroxide using a  Beckman pH meter. 
Serum  Plasminogen.--Serum  was  obtained  from  venous  blood,  frozen,  and  stored  at 
-10°C.  Immediately  before being tested samples  of  frozen  serum were  allowed  to  thaw 
slowly at  room  temperature. Repeated  freezing  and  thawing  of  serum  produced  no  sig- 
nificant measurable change in the plasminogen activity. 
Measurement and  Units  of Serum  Plasminogen (Plasmin)  Activity.--A  modification  of 
Christensen's method (17) was used. To a series of tubes containing 0.4 ml. of buffered saline, 
0.3 ml. fibrinogen solution, 0.2 ml. streptokinase solution, and 0.1 ml. of serum dilutions were 
added.The mixture was stirred, and upon the addition of 0.05 ml. of 0.8 per cent hemostatic 
globulin (LederlO) and rapid mixing, clotted within a  matter of seconds. The corked tubes 
were incubated in a water bath for 60 minutes st 37.0 4- 0.5°C. At the end of the incubation 
period the tubes were examined for complete clot lysis. A  clot was considered to be com- 
pletely lysed if on tilting once the contents of the tube itowed freely. The end-point was con- 
sidered to be that tube containing the highest serum dilution, as prepared and used in this 
test, capable of producing complete clot lysis. 
Thus 1 uni  t  of plasmin activity is the amount of enzyme present  in the highest serum 
dilution that will cause clot lysi  s under the standard conditions described above. If 0.1  ml. 
of serum diluted 3,000 times causes clot lysis under the conditions outlined, then 0.1 ml. of 
undiluted serum is said to contain 3,000 units of plasmin activity. All serum activities have 
been tabulated on the basis of the number of activity units thus defined per 0.1 ml. of serum. 
The bovine fibrinogen as prepared for these studies contained no serum inhibitors, anti- 
streptokinase, or plasminogen capable of being activated by streptokinase (18).  Sufficient 
amounts of streptokinase were used to activate completely all the serum plasminogen and to 
overcome any antistreptokinase factor present in the hemostatic globulin. Identical fibrino- 
lyric activity levels were obtained irrespective of activation of the serum sample prior to serial 
dilution or activation following dilution. The effect of antiplasmin (antifibrinokinase) was not 
considered to affect plasmin activity appreciably since the activation by means of streptokinase 
takes place rapidly even in the presence of plasmin inhibitor (10). 
Measurement and  Units  of Urine Fibrinolytic Activity.--Urine  fibrinolytic activity was 
measured according to  the method of Ungar and Mist  (19)  using fibrinogen as substrate. 
In each of a  series of tubes 0.1  ml. of buffered saline, 0.15 ml. of fibrinogen solution, and 
0.25 ml. of varying dilutions of dog urine were mixed, corked, and incubated in a water bath 
at 37.0 4- 0.5°C.  for 30 minutes. At the end of this time the tubes were removed and 0.05 
ml. of 0.8 per cent hemostatic globulin was added and the mixture stirred. The tubes were 
returned to the water bath and incubated for an additional 30 minutes. The tubes were then 
examined for the presence of a  solid clot. The clot was considered not lysed if upon tilting 
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the contents did not run freely. The end-polnt was considered to be that tube containing 
the highest urine dilution in which there was no evidence of clot. Examination of the tubes 
within a  few minutes after the addition of the clotting agent without tilting enabled one to 
predict the end-point before 30 minutes' time. In some cases, however, there was a  delayed 
clot formation time of from 5 to  10 minutes which necessitated the 30 minute interval for 
complete ciot formation. If the clots which had been formed were allowed to incubate for an 
hour,  the fibrinolytic process progressed,  as  evidenced by partial loosening of the original 
solid clot, but in no case was this loosening interpreted as an end-point. 
Units of Urine Fibrinolyti~ Actidty.--Ungar and Mist (19)  state by their definition that 
the tube containing the lowest concentration of enzyme which fails to cbt after 30 minutes, 
contains 1 unit of enzyme. In our experiments it was generally found that 0.25 ml. of undiluted 
normal dog  urine would  under  the conditions of  the system  outlined above prevent clot 
formation. Since the total volumes were constant for all determinations, namely 0.5 ml., and 
the volume of urine or urine dilution added was constant, namely 0.25 ml., it can be seen that 
urine dilution can be directly related to activity. Thus, by definition, 0.25 ml. of normal urine 
contains 1 unit of activity. If a urine sample is diluted fiftyfold and prevents clot lysis under 
the standard conditions described above, then it will contain 50 units/0.25 ml. of urine. All 
urine activities have been tabulated on the basis of 0.25 mL of urine. The 24 hour urine vol- 
umes varied from 50 to 200 ml. with accompanying changes in specific gravity ranging from 
1.020 to 1.055 but in no case could a  change in urine fibrinolytic activity be correlated with 
changes in urine volume or specific gravity. 
Radiation  MethodsL--Animals  were restrained in a  fixed  position during radiation from 
an overhead source,  for the exposure periods.  As indicated in the individual experiments, 
x-radiation was generated by 1,000 kv. or 250 kv. machines with the following characteristics: 
1,000 kv. peak, 3 ma., dose rate 8.2 to 8.4 r/minute (Victoreen condenser r  chamber full 
scale of 25 r/minute)  ~/~ value layer 6 mm. lead. Lead parabolic filter making a uniform field. 
Target skin distance 87.5 cm. 
250 kv. peak,  15 ma., dose rate 9.1 to 9.2 r/minute ~  value layer of 2.5  ram.  copper. 
Aluminum parabolic filter +  0.5 mm. copper making a  uniform field.  Target skin distane, 
90.0 cm. 
A  series of 11 healthy mongrel dogs, 8 females and 3  males, with weights ranging from 
9 to 18 kg., were maintained in metabolism cages. Samples of urine were collected daily for 
4 to 6 days before irradiation and daily following irradiation until death or until control levels 
were closely approached. Serum samples were collected daily or at varying intervals before and 
after irradiation. In this manner each dog served as its own control. The  dogs were main- 
tained on a ration of big red dog chow, and water was supplied ad libitura. 
RESULTS 
Urine Fibrinolyt~ Actimty Following Irradiation.--Five  dogs were irradiated 
with a  250 kv. machine using the factors as outlined above.  Fig.  1 presents 
the urine fibrinolytic levels on dog 1, a  6.8 kg. female, and dog 2, a 9.1 kg. fe- 
male,  which received 800  and 700  r  respectively. Fig. 2  represents the urine 
fibrinolytic levels on dog 3, an 8.0 kg. female, dog 4,  an 8.6 kg. female, and 
dog 5, a  7.8 kg. female, each of which received 450 r  dosage. In all cases the 
fibrinolytic activities  of  the  preirradiation  control  urine  were  1  unit.  The 
2 We are greatly indebted to Mrs. Florence Van Slyke, Radiation Physiology Section of 
the University of Rochester Atomic Energy Project, who carried out the irradiations and the 
measurements of dose rate. IOC 
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FIG. 1. Urine fibrinolytic levels of dogs dying after 700 to 800 r whole body irradiation. 
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FIo. 2. Urine fibrinolytic levels of dogs following 450 r whole body irradiation. 
urine  fibrinolytic  activity  rose  above  normal  3  to  4  days  after  irradiation. 
Levels of from 9 to 10 units were reached by the 6th postirradiation day. The 
activity decreased somewhat in the urine of those dogs which later died until 
10 to 14 days post irradiation, at which time the activity began to rise again. 
In  the  four  dogs  succumbing  with  hemorrhage  the  urine  activity  increased .T.  COLGAN,  E. GATES~ AND  T.. L. MILLER  535 
precipitously  4  to 5 days before death. The single surviving  dog showed no 
such sharp rise although there was a tenfold increase in activity beginning  on 
the 5th day after irradiation. This increase, however, did not persist.  Autopsy 
revealed that dogs  1,  2, 3, and 5 had more  or less extensive pulmonary and 
gastrointestinal hemorrhage. 
Six dogs were irradiated with a  1,000 kv. machine using the factors as out- 
lined above.  In all cases the preirradiated control  urine fibrinolytic  activities 
were 1 unit. Fig. 3 indicates the urine fibrinolytic levels of the three dogs which 
died after being irradiated by the 1,000 kv. machine. Dog 8, a 9.1 kg. female, 
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FIo.  3.  Urine fibrinolytic levels of dogs dying after 525 to 575  r  whole body irradiation. 
received a total of 575 r whole body irradiation. Dog 6, a 12.9 kg. female, and 
dog 7, a  13.9 kg. male, received a total of 525 r whole body irradiation. 
The urine fibrinolytic activity rose above the normal levels after irradiation 
and reached  10 units by the 5th postirradiation day. The urine of dogs 8 and 6 
showed a marked rise in activity before death. Autopsy showed these dogs to 
have  pulmonary and  gastrointestinal hemorrhage.  Dog  7 died  without any 
marked rise in urine activity. However, the serum fibrinolytic activity showed 
a marked antemortem rise. Autopsy revealed massive gastrointestinal hemor- 
rhage but no pulmonary hemorrhage.  This absence of pulmonary hemorrhage 
may be a significant finding. 
Fig.  4 shows the urine fibrinolytic  units of the three dogs which  survived 536  FIBRINOLYTIC ACTIVITY IN IRRADIATED DOGS 
after being irradiated by the 1,000 kv. machine.  Dog 9, a  14.8 kg. male, and 
dog 10, a  10.5 kg. female,  received 525 r of whole body irradiation,  while dog 
11, a  10.2 kg. male, received 575 r. Dogs 9 and 10 showed no precipitate rise 
in urine activity and approached normal  levels  (3 to 4 units)  near  the  18th 
postirradiation day. The urine activity of dog 11 showed an interesting pattern. 
On the 14th postirradiation day the urine activity showed the beginning  of a 
precipitous rise which was taken to indicate impending death. On the 18th day 
the high point of activity was reached and the dog appeared moribund, but on 
the ensuing days it gradually regained its strength and vigor. The urine activity 
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FIG. 4.  Urine fibrinolytic levels of dogs surviving 525 to 575 r  whole body irradiation. 
declined  in a  10 day period concurrent with the noticeable improvement and 
final recovery of the dog. 
The irradiated dogs which manifested an abrupt rise in fibrinolytic activity 
of the urine  and  died had  pulmonary hemorrhage  as a  major  contributing 
cause of death as disclosed by autopsy findings.  The one dog,  10, showing no 
abrupt  rise  in  urine  activity,  revealed no pulmonary hemorrhage  as a  con- 
tributing  cause of death.  In all cases numerous gastrointestinal  hemorrhages 
were present and undoubtedly contributed to cause death of the animal. 
These changes observed in urine fibrinolytic units are probably not the result 
of kidney damage following  irradiation,  since  the kidney is not significantly 
damaged by large doses of irradiation  (20-22).  The slight change in urinary 
output would not give this pattern of changes in the urinary activity. ~'.  COLGAN, W... GATES, AND L.  L.  MILLER  537 
MacFarlane  and  Pillings  (23)  state  that  the  urine  fibrinolytic agent from 
human  beings  is  non-diffusible,  being  retained  by  cellophane,  will  digest 
fibrinogen and fibrin, and is less strongly adsorbed by fibrin than serum fibrino- 
TABLE I 
Serum  Fibrinolytlc  Activity  Changes after  Whole  Body  Irradiation 
Days 
Before irradiation 
4 
3 
2 
1 
After irradiation 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
23 
24 
Serum fibrinolytic  units 
Dog 5 
(450 r) 
1,500 
1,500 
1,700 
1,900 
1,500 
1,700 
1,900 
2,100 
2,100 
2,100 
2,100 
4,800 
3,800 
4,000 
Serum fibrinolytie 
day of death. 
Dog  4  survived. 
activities were determined on specimens from dogs 1, 2, 3, and 5 on 
lytic agent.  A  sample of dog urine known  to be high  in fibrinolytic activity 
was dialyzed for 48 hours against running tap water. An aliquot of this same 
urine was suspended in a  glass tube in the running water for the same period 
of time. Both samples showed a  10 per cent loss in activity at the end of 48 
hours.  This was taken to indicate that the fibrinol~rtic  agent in urine is non- 
dialyzable and does undergo some autolysis upon standing.  In the determina- 538  FIBRINOLYTIC  ACTIVITY  IN  IRRADIATED  DOGS 
tion of urine fibrinolytic activity, using a  fibrin clot formed at the outset as 
substrate,  the time interval needed to lyse the clot was 3  or 4  times longer 
than that required for the degradation of fibrinogen, indicating that the urinary 
fibrinolytic enzyme acts more rapidly on fibrinogen. It was further noted that 
the serum fibrinolytic enzyme was strongly adsorbed on a  fibrin clot and at- 
tacked fbrin in a much shorter period of time than fibrinogen. These observa- 
tions are in agreement  with MacFarlane's findings with human  urine. 
In  these experiments control values of urine fibrinolytic activity were re- 
producible. The collection of voided urine in acetone and dry-ice controlled 
TABLE II 
Serum  Fibrinolytic  Activity  Changes after  Whole  Body  Irradiation 
Days 
Before irradiation 
2 
1 
After irradiation 
3 
7 
8 
10 
11 
12 
14 
17 
Dog 7 (425 r) 
2,500 
2,300 
2,700 
1,700 
4,100 
4,300 
Serum fibrinolytlc units 
Dogs (47S r) 
3,000 
3,000 
1,200 
2,300 
3,000 
3,000 
5,000 
Dog6 (425 r) 
3,000 
3,000 
3,200 
2,300 
3,000 
4,000 
4,000 
Dog 7  died on the  17th postirradiation day. 
Dog 8  died on the 12th postirradiation day. 
Dog 6  died on the 19th postirradiation day. 
variables such as temperature, different urinary pH, and loss of urine activity 
upon standing. 
The optimum pH for maximum activity of the fibrinolytic agent of urine is 
7.4 and to this the pH was adjusted immediately before testing for activity. 
Serum Ptasmin Activity Following Irradiation.--The serum from five dogs ir- 
radiated by the  250  kv.  machine was collected daily, frozen, and stored at 
--10°C.  As shown in Table I, the plasmin activity of the four dogs,  1,  2,  3, 
and 5 of this group which died showed a  rise above control levels by the 4th 
postirradiation  day  and  rose  to  higher  levels  before  death.  The  measured 
changes in serum plasmin activity coincide in time with the changes in fibrino- 
lytic activity of the urine. The one surviving dog, 4, showed no marked change 
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The serum from six dogs irradiated by the 1,000 kv. machine was collected 
at varying intervals, frozen, and stored at -- 10°C. The plasmin activity of the 
three dogs dying following irradiation showed an unexplainable drop in activity 
on the 7th postirradiation day, as shown in Table II. The activity then rapidly 
rose until a peak was reached. It should be noted that serum samples were not 
obtained on the day of death.  Dog 6  maintained an activity of 4,000 units 
TABLE III 
Serum  Fibrinolytic  Activity  Changes after Whole  Body  Irradiation 
Days 
Before irradiation 
2 
1 
After irradiation 
3 
4 
7 
8 
10 
11 
12 
14 
15 
16 
17 
18 
19 
21 
22 
24 
25 
28 
Serum fibrinolytic  units 
Dog 10 (425 r) 
3,000 
3,000 
3,000 
3,500 
3,000 
3,000 
3,300 
3,500 
3,000 
3,000 
Dog 11 (475 r) 
2,700 
2,700 
1,500 
1,000 
3,000 
2,800 
2,200 
3,100 
3,300 
2,900 
4,100 
4,100 
5,100 
3,000 
Dog 9 (425 r) 
1,900 
1,800 
2,500 
2,300 
2,300 
2,200 
2,400 
2,300 
2,200 
The above dogs survived. 
several days before death. Dog 7 serum activity was 4,300 units 3 days before 
death. Dog 8 serum activity was 5,000 units on the day of death. 
The surviving three dogs showed varying fluctuations of the serum plasmin 
activity above control levels, as indicated in Table III. Dogs 9 and 10 showed 
no marked drop in serum plasmin activity during the 7th day, but this activity 
was  elevated  over  the  control  values.  Serum  activity  units  from  dog  11 
showed a  marked abrupt fall in titer on the 7th day and rose to  activity of 
5,000 units on the  19th postirradiation day. On the 22rid postirradiation day 540  ]~IBRINOLYTIC  ACTIVITY  IN  IRRADIATED  DOGS 
the serum activity approached normal values. It is noteworthy that the con- 
dition of the dogs was generally worse during periods of elevated fibrinolytic 
activity. This was particularly true  of dog  11  which  appeared  moribund  at 
the time when the serum plasmin activity was highest. 
DISCUSSION 
Whatever the interpretation of the experimental findings may be,  it must 
be agreed that they demonstrate a  gross correlation between the fibrinolytic 
activity of urine  and  serum and the general condition of dogs following high 
dose whole body irradiation. It is also remarkable that a precipitous rise in the 
fibrinolytic activity of the urine heralded the death of the dog with extensive 
pulmonary hemorrhage.  These  findings justify some  speculations  regarding 
the possible role of the lungs in the activation of the fibrinolytic enzyme of 
serum. 
The recent work of Tagnon and Palade  (10)  concerning the activation  in 
vitro of proplasmin by rat lung extracts would seem to indicate the possibility 
of a  similar activation in vivo. These authors demonstrated that the activator 
was present in the microsome and mitochondrial fractions of rat lung homo- 
genate. Under conditions resulting in damage to the vascular endothelial tissue 
of the lung, the circulating proplasmin may come into contact with the tissue 
activator. It has been suggested that this tissue activator is a  kinase capable 
of converting the inert substrate proplasmin (plasminogen) into active plasmin. 
Pertain and Astrup (7, 9) working with tissue slices from various mammals ob- 
served the presence of a  "cytofibrinokinase" capable of activating the proplas- 
rain present in ox fibrinogen. Further studies on the mechanism of  the acti- 
-cation  of bovine proplasmin by pig heart fibrinokinase support the view that 
the activation proceeds stoichiometrically as follows:- 
Plasminogen ,-~ plasmin +  blocking substance 
Blocking substance +  fibrinokinase ~  inactive compound 
The existence of such a  system in vivo appears possible.  Assuming that the 
activation of the plasminogen at the local tissue site has occurred in the above 
fashion in the dogs dying of pulmonary hemorrhage following radiation, then 
the fate of the active plasmin must be accounted for. Edsall (24) has shown 
that a plasmin inhibitor (antiplasmin) is present in the gamma globulin fraction 
of plasma. This inhibitor, usually present in excess, accounts for the fact that, 
except at the local tissue injury site, there is seldom any free circulating plasmin. 
It is conceivable that the kidney could separate the plasmin-antiplasmin com- 
plex,  excrete the active plasmin, and retain the high molecular weight anti- 
plasmin (gamma globulin). The normal low level of fibrinolytic activity in the 
urine may be ascribed to a minimal normal tissue breakdown, whereas following 
extensive tissue injury and hemorrhage the urinary fibrinolytic activity rises J. COLGAN,  E. GATES~  AND  L. L. MILLER  541 
markedly. It may be concluded that the measurement of urinary fibrinolytic 
activity can be used as an indication of the over-all in vivo response to activa- 
tion of proplasmin. 
Since the mode of activation of the fibrinolytic enzyme varies from species 
to species there is a  need for further study of the fibrinolytic systems in the 
serum and urine of new species. That the proplasmin of dogs and human beings 
is similar in nature is indicated by the fact that both are activatable by strepto- 
kinase,  whereas the proplasmin of the rat, ox, and cow is incapable of being 
activated  by  streptokinase.  If  further  investigations  on  other  animals  and 
man in particular, should confirm the observations here reported on the dog, 
then the extent of serum proplasmin activation and its subsequent appearance 
in the urine as a lytic agent could be used as an index of the extent of radiation 
injury and as a possible prognostic aid. Likewise one can readily suppose that 
the active lytic factors appearing in human and dog urine are similar in nature. 
If one is able to anticipate the course of the various stages of the hemorrhagic 
syndrome by measurement of the urine and serum fibrinolytic activity, then 
certain therapeutic methods for treatment of radiation injury naturally suggest 
themselves. The attack could be made from the following points  of view (a) 
inhibit or inactivate the tissue kinase itself, (b) inhibit the active plasmin. If 
the postulates of Astrup  (25) hold true the blocking substance itself could be 
used to inactivate the fibrinokinase. Failing this, other inhibitory substances 
might be found and tested for use. 
The second of the possibilities just mentioned derives from the fact that there 
is a known plasmin inhibitor normally present in the circulating blood stream. 
If large quantities of this antiplasmin or a  proteolytic enzyme inhibitor of a 
similar nature were injected, then any circulating plasmin might be complexed 
with the result that clot dissolution and resulting hemorrhage could be kept 
at a minimum. 
SUMMARY 
The urine and serum fibrinolytic activity were measured in dogs following 
whole body radiation ranging from 450 to 800 r generated by 1,000 kv. and 250 
kv. machines. 
The fibrinolytic activity of the urine showed a  precipitate rise 4  to 5 days 
before death in all dogs with pulmonary hemorrhage as the main cause of death. 
The fibrinolytic activity of the serum showed a similar rise, which was most 
pronounced in the case of those animals which did not survive. 
The fibrinolytic activities of the urine and serum approached control levels 
at about the 24th day after irradiation in all the surviving dogs. 
The possible mode of activation of the fibrinolytic enzyme in vivo is discussed 
and approaches to prevention of the hemorrhagic syndrome are suggested. 542  ]~IBRINOLYTIC ACTIVITY IN IRNADIATED DOGS 
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